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Study Design: A retrospective study. 

Purpose: The purpose of this study was to evaluate outcomes in patients with pyogenic spondylitis accompanied by iliopsoas ab- 
scess who were treated by percutaneous drainage combined with hyperbaric oxygen (HBO) therapy. 

Overview of Literature: To the best of our knowledge, there have been no previous reports of the use of percutaneous drainage 
combined with HBO therapy for the treatment of this condition. 

Methods: Twenty-three patients (13 men, 10 women; mean age, 69.0 years; range, 45-85 years) were treated with percutaneous 
drainage combined with HBO therapy in addition to commonly used conservative therapy. Mean follow-up duration was 27.7 months 
(range, 12-48 months). Clinical outcomes and imaging examinations were retrospectively investigated. 

Results: Symptoms such as low back pain, radicular pain, and hip pain resolved in all patients immediately after treatment. Mean 
time from the start of treatment to the return of C-reactive protein levels to normal or baseline values recorded before the onset of 
spondylitis was 28.3 days (range, 8-56 days). In the final set of follow-up radiographic studies, all patients were free from progres- 
sive destructive changes. Follow-up magnetic resonance images or computed tomography with contrast enhancement confirmed the 
disappearance or near-total resolution of the iliopsoas abscess cavity with healing of the pyogenic spondylitis in all 23 patients. No 
recurrences were observed during follow-up. 

Conclusions: The present study suggests that patients with pyogenic spondylitis accompanied by iliopsoas abscess can be cured 
without a prolonged period of therapy or recurrence using this treatment. 

Keywords: Psoas abscess; Spondylitis; Hyperbaric oxgen therapy; Drainage 



Introduction 

The rate of occurrence of pyogenic spondylitis has been 
increasing among patients who are immunocompro- 
mised due to severe underlying diseases such as diabetes 
mellitus and malignant tumor as well as among patients 



undergoing chronic hemodialysis. Iliopsoas abscesses 
sometimes develop in patients with pyogenic spondylitis. 
Although small iliopsoas abscesses usually respond to or- 
dinary conservative treatment, cases of pyogenic spondy- 
litis accompanied by larger abscesses are, in general, diffi- 
cult to cure using conservative methods. Because most of 
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these cases occur in immunocompromised patients who 
are in poor general condition, a less invasive operative 
procedure is desirable. Although percutaneous drainage 
has been reported to be effective in iliopsoas abscesses 
secondary to pyogenic spondylitis [1], valid long-term 
results of this technique are not yet available. Drainage 
alone for a secondary psoas abscess may result in signifi- 
cant recurrence rates, and percutaneous drainage alone 
is not always sufficient for the treatment of secondary 
iliopsoas abscesses due to pyogenic spondylitis [2-5]. In 
addition, some authors have emphasized the role of the 
spine as the primary source of infection for secondary 
iliopsoas abscess and have suggested that it is essential to 
combine abscess drainage with curative treatment of the 
primary focus of infection [6] . 

Several authors have described minimally invasive 
techniques that address spondylitis as the primary focus 
for the treatment of this condition [7-10]. Although the 
clinical results have been satisfactory in these studies, the 
numbers of patients were small, and the techniques are 
technically demanding and sometimes time-consuming, 
which may present obstacles to these techniques becom- 
ing accepted as standard procedures. Simpler and easier 
treatment for this condition is still needed. Hyperbaric 
oxygen (HBO) is now a recognized treatment for several 
disorders, including gas gangrene, soft tissue infections, 
radiation-induced necrosis, crush syndrome, osteomyeli- 
tis, postoperative neurosurgical infection, and postopera- 
tive discitis [11,12]. We therefore speculated that HBO 
therapy would be effective when pyogenic spondylitis 
is the primary focus of infection. We have now become 
more experienced in treating pyogenic spondylitis ac- 
companied by iliopsoas abscess using percutaneous 
drainage combined with HBO therapy. To the best of our 
knowledge, there have been no previous reports of the 
use of percutaneous drainage combined with HBO ther- 
apy for the treatment of this condition, and the purpose 
of this article is to evaluate the outcomes in patients who 
have undergone this therapy. 

Materials and Methods 

1. Patients 

Twenty-three patients with pyogenic spondylitis accom- 
panied by iliopsoas abscess were treated using percutane- 
ous drainage combined with HBO therapy in addition 



to common conservative therapy, including bed rest and 
pharmacotherapy with antibiotics and/ or immunoglobu- 
lin preparations, in our hospital between April 2004 and 
December 201 1. There were 13 men and 10 women (mean 
age, 69.0 years; range, 45-85 years). The mean duration of 
follow-up was 27.7 months (range, 12-48 months). The 
indications for use of this method to treat pyogenic spon- 
dylitis with iliopsoas abscess were as follows: 1) involved 
vertebra located in the lumbar spine; 2) absence of major 
neurological deficits; 3) absence of radiographically re- 
markable bone destruction of the affected vertebral body 
(we included cases with signal intensity change in the 
vertebral body on magnetic resonance imaging [MRI] 
and/or endplate collapse and excluded cases with verte- 
bral body collapse); and 4) abscess measuring >30 mm 
on the axial view of the MRI. Of the 23 patients, 22 ex- 
perienced low back pain. Four patients exhibited mild or 
moderate radicular pain, and 1 patient had left hip pain. 
No patient had bowel or bladder dysfunction. The affect- 
ed intervertebral discs were LI -2 in 4 patients, L2-3 in 6 
patients, L3-4 in 5 patients, L4-5 in 7 patients, and L5-S1 
in 1 patient. The total number of iliopsoas abscesses was 
29, affecting the right side in 6 patients, the left side in 1 1 
patients, and both sides in 6 patients. The abscesses were 
measured at their largest dimensions on the MRI axial 
view. The mean size of the abscesses was 48.1 mm (range, 
30.0-79.1 mm). Mean C-reactive protein (CRP) level at 
admission was 12.83 mg/dL (range, 1.78-23.76 mg/dL). 
Comorbidity included diabetes mellitus in 7 patients, re- 
nal failure in 3 patients, carcinoma in 2 patients, urinary 
tract infection in 2 patients, pneumonia in 1 patient, and 
bronchial asthma in 1 patient (Table 1). 

2. Description of the drainage procedures 

The patients were positioned on the computed tomogra- 
phy (CT) table with markers (Webb Manufacturing Co., 
Philadelphia, PA, USA) attached to the skin. A preproce- 
dural CT scan was obtained to confirm the location and 
size of the abscess and its relation to nearby structures 
so that a safe and proper route could be selected and to 
determine of the angle and depth of puncture. After the 
skin was disinfected, a disposable 20-cm-long 22-gauge 
puncture needle (Create Medic Co., Yokohama, Japan) 
was inserted under local anesthesia and advanced to the 
center of the iliopsoas abscess, with monitoring of the 
needle tip by CT as needed. A guidewire was then passed 
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Table 1. Summary of patient characteristics 



Characteristics 


Age (yr) 


69.0 (45-85) 


Sex 


Male 


13 


Female 


10 


Symptoms 


Low back pain 


22 


Radicular pain 


4 


Hip pain 1 


Affected intervertebral discs 


L1-2 


4 


L2-3 


6 


L3-4 


5 


L4-5 


7 


L5-S1 1 


Abscess location 


Right side 


6 


Left side 1 1 


Both sides 


6 


Size of abscesses (mm) 


48.1 (30.0-79.1) 


CRP level at admission (mg/dL) 


12.83(1.78-23.76) 


Underlying disease 


Diabetes mellitus 


7 


Renal failure 


3 


Carcinoma 


2 


Urinary tract infection 


2 


Pneumonia 1 


Bronchial asthma 1 



Values are presented as mean (range) or number. 
CRP, C-reactive protein. 



through the outer sheath of the puncture needle into 
the abscess. The insertion point was adequately enlarged 
with a dilator and the drainage catheter inserted over the 
guidewire. After complete evacuation of the abscess by 
aspiration, the drainage catheter was affixed to the skin 
(Fig. 1). 

3. HBO treatment 

In accordance with our protocol, patients were scheduled 
to receive HBO therapy (100% 0 2 at 2.5 atmosphere ab- 
solute for 90 minutes) once daily for 20 consecutive days. 
If there was evidence of significant clinical and laboratory 
improvement, the HBO treatments were discontinued. In 
contrast, if the patient had not recovered sufficiently by 
the 20th HBO session, additional HBO treatments were 
recommended. 

4. Clinical evaluation 

After the procedure, all patients underwent routine clini- 
cal, laboratory, and imaging examinations. Radiographs 
were checked for signs of bone destruction such as ver- 
tebral collapse and spinal deformities such as kyphosis 
and scoliosis. Contrast-enhanced MRI or CT was used 
to investigate the abscess size and search for phlegmon. 
The following parameters were retrospectively evaluated: 
1) alleviation of symptoms; 2) changes in inflammatory 
markers on laboratory tests; 3) changes in the findings of 
radiographic imaging, including bone destruction, spinal 
deformity, and instability; 4) change in the abscess size; 
5) recurrence rate; and 6) clinical outcome at the final 
follow-up. The clinical outcome was graded as excellent 




Fig. 1. (A) Axial computed tomography scan, obtained before drainage, showing bilateral iliopsoas abscesses. (B) Axial computed 
tomography scan obtained after the insertion of drainage tubes followed by evacuation of the abscess by aspiration. 
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when there was no pain and no limitation in activities 
of daily living (ADLs); good if there was no limitation 
in ADLs but mild occasional pain; fair in the cases with 
slight limitations in ADLs and continuing pain that was 
not as great as that before the procedure; and poor in 
cases with limitations in ADLs and persistent, marked 
pain or no response to the procedure. 

Results 

All 23 patients were treated with percutaneous drainage 
combined with HBO therapy in addition to common 
conservative therapy including bed rest and pharmaco- 
therapy with antibiotics and/or immunoglobulin prepa- 
rations. The pathogens were identified from collected 
samples in 16 of the 23 patients. Mean duration of drain- 
age was 21.1 days (range, 5-62 days). CT-guided percu- 
taneous insertion of the drainage tube into the iliopsoas 
abscess was successful in all patients, and there were no 
procedural complications. The average total cycle of HBO 
treatments for each patient was 19.3 days (range, 5-47 
days). For 15 patients (65.5%), HBO treatments ended 
within 20 cycles; for 8 patients (34.7%), HBO treatments 
ended at over 20 cycles. There were no major side effects, 
such as cerebral oxygen toxicity or adverse effects of pres- 
surization associated with HBO treatment. Low back pain 
in 22 patients, radicular pain in 4 patients, and hip pain 
in 1 patient resolved immediately after treatment. The 
mean time required from the start of treatment for CRP 
to decrease to normal levels or to reach the level before 
the onset of spondylitis was 28.3 days (range, 8-56 days). 
Progressive destructive changes were absent in the final 
follow-up radiographic studies in all patients. No patient 
displayed progression of spinal deformity or instability. 
Follow-up MRI or CT with enhancement confirmed the 
disappearance or near-total resolution of the iliopsoas 
abscess cavity and healing of the pyogenic spondylitis 
in all 23 patients. No recurrence was observed in any 
patient at follow-up. At the final follow-up, the clinical 
outcomes were rated as excellent in 1 1 patients, good in 9 
patients, and fair in 3 patients. There were no patients with 
poor outcomes according to the classification described 
(Table 2). 

Discussion 

Conservative therapy with antibiotics is generally the initial 



Table 2. Summary of patient outcomes 



Outcomes 


Identified pathogen 


Staphylococcus aureus 


6 




MRSA 


4 




Streptococcus pneumoniae 


2 




Staphylococcus epidermidis 


1 




Klebsiella pneumoniae 


1 




Bacteroides fragilis 


1 




Escherichia coll 1 


Duration of drainage (day) 


21.1 (5- 


-62) 


Number of HBO treatments 


19.3(5- 


-47) 


Resolution of symptoms 


23 




Normalization of CRP (day) 


28.3 (8- 


-56) 


Radiographic findings 


Progressive destruction 


0 




Progression of spinal deformity 


0 




Spinal instability 


0 




Recurrence 


0 




Clinical outcomes 


Excellent 


11 




Good 


9 




Fair 


3 




Poor 


0 





Values are presented as number or mean (range). 

MRSA, methicillin-resistant Staphylococcus aureus; HBO, hyperbaric 

oxygen; CRP, C-reactive protein. 



treatment of choice for pyogenic spondylitis. However, 
because of the increased number of patients who are im- 
munosuppressed due to the effects of certain medications 
or underlying diseases, it is becoming more difficult to 
treat patients with pyogenic spondylitis using only com- 
mon conservative therapy. Open surgery is required in 
cases of pyogenic spondylitis in which conservative treat- 
ment is ineffective or in which advanced bone destruction 
or severe neurological deficits are present. There have 
been a number of reports regarding surgical options for 
pyogenic spondylitis. Some authors have suggested that 
favorable results are best achieved using anterior curet- 
tage and autologous bone grafting [13,14], and Wisneski 
[15] has also included increased paraspinal abscess 
formation among the indications for open surgery. In 
addition, Malawski and Lukawski [16] have reported 
that although small paraspinal abscesses usually respond 
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to conservative treatment, larger paraspinal abscesses can 
be treated surgically with successful results. However, in 
147 surgically treated patients, 4 cases of mortality due to 
cardiac or renal disease and secondary pneumonia were 
encountered. Because patients with pyogenic spondylitis 
who require surgery are often immunocompromised and 
in poor general condition, less invasive operative proce- 
dures are desirable. 

Percutaneous drainage of iliopsoas abscess under CT 
guidance may be a recognized alternative to surgery, 
but in patients with secondary iliopsoas abscess without 
radical treatment of the primary focus of infection (i.e., 
spondylitis), drainage of the iliopsoas abscess alone is 
sometimes not enough. For patients in whom spondylitis 
is the primary focus of infection, prolonged infection 
of a vertebral body or intervertebral disc usually leads 
to spinal deformity or instability, resulting in the need 
for surgical intervention. Without intervention for the 
primary focus, a prolonged period of therapy may be 
required, and there can be recurrence even if the infec- 
tion is initially cured. We have previously reported that 
the mean time required for normalization of CRP is 30.2 
days for treatment consisting of continuous irrigation via 
a saline infusion tube inserted in the infected disc and a 
drainage tube in the secondary iliopsoas abscess [9] . The 
mean time required for normalization of CRP was 28.3 
days in the present study, which is comparable to the data 
of our previous study with a similar disease stage and pa- 
tient background; thus, there was no prolonged period of 
therapy in this study. Several authors have previously re- 
ported recurrence of iliopsoas abscesses after performing 
percutaneous drainage alone without curative treatment 
of the primary focus of infection. Dine et al. [2] reported 
that 6 (29%) of 21 patients had recurrences within 1 to 3 
months after catheter removal in their study of percutane- 
ous drainage of iliopsoas and spondylodiscitic abscesses 
measuring >3 cm. Yacoub et al. [3] reported a recurrence 
rate of 15% (4 of 26 patients) after percutaneous drain- 
age of psoas abscess. Tabrizian et al. [4] reported that the 
failure rate of percutaneous drainage alone was as high 
as 60% (29 of 48 patients) and that 44% (21 of 48) of pa- 
tients ultimately required operative management. Cronin 
et al. [5] reported that 10 (10%) of 99 patients had recur- 
rent abscesses after catheter removal. Therefore, percuta- 
neous drainage of iliopsoas abscesses alone might not be 
an established treatment for spondylitis accompanied by 
iliopsoas abscesses. Some investigators consider it essen- 



tial to combine abscess drainage with curative treatment 
of the primary focus of infection [6], and we believe that 
a more effective means of preventing a prolonged period 
of therapy and recurrence is a crucial factor in successful 
and less invasive treatment. 

Several minimally invasive techniques for the treat- 
ment of spondylitis have recently been described. Jean- 
neret and Magerl [17] used percutaneous external fixa- 
tion after percutaneous suction or irrigation. Haaker et 
al. [18] performed percutaneous lumbar discectomy for 
16 patients with lumbar disc infection and reported satis- 
factory results. Nagata et al. [19] performed percutaneous 
suction aspiration with drainage in 23 cases of early-stage 
pyogenic spondylitis and demonstrated the effectiveness 
of this procedure. Hadjipavlou et al. [20] reported percu- 
taneous transpedicular discectomy and drainage in pyo- 
genic spondylodiscitis. However, all of these procedures 
were effective in the early stages of spondylitis and may 
not be useful in patients with advanced spondylitis, such 
as those with a large paraspinal abscess measuring >30 
mm on axial MRI views. 

Several studies have reported on the treatment of spon- 
dylitis that is accompanied by large iliopsoas abscesses 
using less invasive treatments directed at the spondylitis 
as the primary focus of infection. Hanaoka et al. [7] per- 
formed percutaneous drainage and continuous irriga- 
tion of the infected disc space in 5 patients with severe 
pyogenic spondylitis with abscess formation or marked 
bone destruction and demonstrated successful results. Ito 
et al. [8] reported good clinical results for posterolateral 
endoscopic debridement with irrigation in a study of 15 
patients with pyogenic spondylodiscitis, including 6 pa- 
tients with psoas abscesses. We have previously reported 
that in 12 patients with pyogenic spondylitis accompa- 
nied by iliopsoas abscess, continuous irrigation using a 
saline infusion tube inserted in the infected disc and a 
drainage tube in the secondary iliopsoas abscess commu- 
nicating with the primary lesion was effective [9]. Mat- 
sumoto et al. [10] reported that CT-guided percutaneous 
drainage within the intervertebral space was effective for 
pyogenic spondylodiscitis with psoas abscess in a study of 
8 patients. Although all the above-mentioned procedures 
were effective and produced good clinical results, they 
may still be technically demanding, time-consuming, or 
complicated, which can make it difficult for them to be- 
come widely established in routine clinical practice. 

HBO is used in the management of a variety of in- 
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fected, hypoperfused, and hypoxic wounds. HBO plays 
an important role in stimulation of the bactericidal action 
of white blood cells [11]. The bactericidal capacity of leu- 
kocytes is substantially impaired at the low oxygen ten- 
sion observed in wounds [21,22]. HBO therapy increases 
the oxygen tension in infected tissues, resulting in direct 
bactericidal effects on some organisms. Improved tissue 
oxygen tension in ischemic tissues during HBO therapy 
inhibits the growth of aerobic and facultative anaerobic 
bacteria. These effects are mediated in large part by oxy- 
gen-based free radicals that oxidize proteins and mem- 
brane lipids, damage DNA, and inhibit metabolic func- 
tions essential for microbial growth [23]. HBO therapy 
also stimulates neovascularization, thus decreasing tissue 
ischemia. These angiogenic effects are dose-dependent 
and can result in 8- to 9-fold increases in the vascular 
density of tissues [24]. Improved vascularity not only 
improves tissue oxygen tension and host defenses but 
also facilitates entry of leukocytes, antibodies, and anti- 
biotics into the infected lesion. In addition, HBO therapy 
stimulates fibroplasia and bone remodeling [25] . We have 
found that the addition of HBO treatment to percutane- 
ous drainage of iliopsoas abscess can lead to a cure when 
spondylitis is the primary focus of infection. Therefore, 
we believe that percutaneous drainage combined with 
HBO therapy is an effective and reasonable treatment for 
spondylitis accompanied by a large iliopsoas abscess. 

Conclusions 

The findings of the present study suggest that patients 
with pyogenic spondylitis accompanied by a iliopsoas ab- 
scess can be cured without a prolonged period of therapy 
or recurrence by using this treatment. We believe that 
CT-guided percutaneous drainage of iliopsoas abscesses, 
which is a less invasive and not technically demanding 
method of therapy, can become an established treatment 
if it is combined with HBO therapy. 
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